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FOREWORD

This report pertains to a study of a nondestructive test method
for measuring the air content in sealed flexible food packages.

The work for this study wvas performed with materials and equip-
ments z2vailable in the Packaging Division of the General Equipment &
Packaging Laboratory, U. S, Aruy Natick Laboratories (NLABS) under
Project No. 1J662T13D552, Design of Flexible Packaging Systems.

The autlors express their appreciation to M-, L. Klarman, Data

Analysis Office, NLABS, for his assistance in programming and compiling
the required statistical computations for this study.
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IRACT

A nondestructive methud to determine the volume of air in
hermetically seeled flexible packages was studied for its applicability
as an accepcence test in specifications., Extensive data was cbtained
with three size packages formed from a flexible laminate material.
Packages contained the test medium bentonite as a food simulator.

It was found that the results obtained with the nondestructive
test correlated favorably with findings of the standard destructive
test method and were repeatable (for air volumes not exceeding 30 ml's,
readings were generally repeated to within 1 ml).

This nondestructive test has the potential for cost savings in

testing. Furthermore, i1t does not require the use of highly skilled
technical personnel or elabnrate test apparatus.

viii




INTRODUCTION

The metal container is currently relied upon to preserve and store
foodstuffs for Army use. This traditioral method of packaging is being
challengecd by the rlexible package, which may in the future replace the
metal can for rations. Currently, programs are being directed at NLABS
to-develop suitable flexible materials for packaging of food items. In
conjunction with these efforts, new tests are also being studied to deter-
mine more effectively such characteristics as air (oxygen) content in
feod packages. It is important to control the amount of air or other
gases in flexible packages for the following reasons:

8.  3ince coxypen in air will affect the preservation of foodstuffs,
its control is required to prevent spoilage, thereby assuring safe food
for consumption.

©. Lxcess gas content will contribute to extra bulk and may cause
the user to suspect food spoilage.

This report is concerned with the evaluation of a proposed nondestructive

test to determine the volum~ of air within flexible packages containing
foods.

The preospects of salvaging quantities of supplies that would normal ly
be expended in a nonrecoverable test procedure justifies investigation of
this nondestructive test for possible use in military specifications. This
test was originally proposed by Mr. Robert G. Keller, a former employee of
the Quartermaster Food & Container Institute of Chicapo - the parent organ: -
zation of the Packaging Division, NLABS. The general princiyle of this
method involves weighing the package while it is suspended in water and the.
reducing the env. ronmental pressure until the gases in the flexible package
expand sulfficiently so that the package is in a state of neutral buoyanay;
1.e,, 1t neirther rises to the surface nor sinks to the bottom. The amount
of gas 1s then computed with am equation derived from Archimedes Principle
and Boyle's Law. The equation generally used to determinec the volume of w- o
{gas) in a flexible package is as follows when temperature is kept constan:
and density of water is taken to be 1 gram/l ml.

EEST AVAILABLE CORY
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vy = Py (D) (1)

Pl‘Pe

vhere:

Vl = Volume of air (gas) in package at

pressure F; (ml)
Pl = Atmospheric pressure at time of test

(ins. mercury)
P, = Pressure at time package is in a state
of neutral buoyancy in watexr (ins. mercury)

D = Veight of package in water at pressure

P, (grams)

A detailed derivation of equation (1) is shown in Appendix A.

MATERIALS AND METHNDS

Test packages were formed from a laminate material composed of
pelyester, aluminum foil and polyolefin, and they were shaped as
rectangulor pouches. The test medivwm packaged as a fond substitute
consisted of 87 bentonite 2nd 927 water. A total of 126 to 143 packages
vas prepared in each of three different sizes to hold 28L, 568 and 850
grams ol bentonite, respectively. The amount »f actual air in the
various size packages ranged frcm O ml to 50 ml. The volume of air was
initially determined by means of the nondestructive method and then
measured by actually opening the package and collecting the air as illus-
trated in Figure 1. Individual test patkages were tested by both mcthode
ur 'or the same environmental temperature and barometric pressure conditions.
'ata results for both methods are listed in Appendix B.

Destructive Test

Although this method is destructive, it is quite simple to execute.
Az seen in Figure 1, the procedure involves puncturirng an opening in the
package while it is under water and allowing the sealed air to escape
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‘nto an inverted measuring graduate. Considerable time, however, can
Le concumed in manipulating and squeezing the contents to assure that
all air is forced out of the package. Volumetric measurements of air
are corrected to atmospheric pressure as follows by Boyle's Lawl:

<3
[}

oo \
a \Pa W? vm (2)

r———e

Pq

where:

V_ = Volume of air @ atmospheric pressure (ml)

6
Pg = Atmospheric pressure (ins. meicury)
W, = Pressure of water level in graduate (ins. mercury)

Vi = Velume of measured air (m1)

Hondestructive Test

The volume of ai- hermetically sealed in a flexible package is
determined with equation (1). To obtain the required data for this
equation, the test package is initially vweighed suspended in water, Just
velow the water surface (Figure 2). The weight (D) is evuvressed in
grains. The package is then placed into a transparent cylindrical vegsel
containing water and checked for leskage. This check is made by creating
s high vacuum in the wessel and observing the package for & steady stresm
of escaping b»™mbles at leak location. The effect of any air bubbles
clinging to the external surface of the package was minimized by the
wetting agent in the water. To obtain neutral buoyancy, the vacuum in th2
Jar is decreased pradually allowing the air in the package to expand,
causing the package to rise to the surface (Figure 3). The pressure is
-hen carefully increased allowing the package to drop slowly to a neuvtvsal
buoyancy positicn just below the water surface. The pressure reading incide
the vessel 1s taken at this point by means of & vacuum zage end is equal
to Py of equation Al

Leyrry, W. H., E. M. Purcell and J. C. Street. Fhyeics, The Blakiston
Co., 1952,







RESULTS AND DISCUSS1ONS

The Actual and Calculated (nondestructive) air volume dats for
the 850-gram package are plotted in Figure L. (For data tabulation
see Appendix B,) These values are treated, both as dependent and
independent variables in the enalysis. Visual inspection of the
pattern and trend of the plotted points suggests that the relationship
is essentially linear and is also characterized with a uniform dispersion
of points about each regression line. There is a tendency for points to
ve dispersed slightly more at the higher volumetric levels.

The asnalysis of variance (ANOVA) techpique was used %o verify the
linearity of the relationship in figure k&, The ANOVA perfcrmed with
2 data for the 850-gram package is summarized in Table iI. The Actual and

3 Caiculated values were treated as the X and Y variubles, respectively
j
t Teble I Analysis of Variance for Air Content
in 850-Gram Package
E | r l S
3 Source cf Degrees of Sum of Mean
Variation Freedom Squares Squarrs F Ratio
Explained by
linear regression il 12841,134 1281, 134 17675.706
linexplained
(Deviations about
regression line) 129 93.71€ . 726 (Critical F @
95% 1,129 =
3.92)
Total 130 1293k, 850

The ™ ratio of 17675.706 is considerably higher than the cricical I of 2.92
indicating quite conclusively thet there is a strong linear relationship
hetweer tne Actual and Calculated readings. The probsbility is virtually
zero thet so much of the total variance as explained by linear regressicr
is due to pure chence. The data for the 284 and 568-gram packages in

2
Dixon, W. J., and F. J. Macsey, Jr., Introduction to Statistical Analysis,
McGraw-Hill Book Company, Inc., 1957.
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Appeniix B were analyzed in a similur wmanner and as seen in Table II the
linearity was again highly significert in each instance. The concomitant
coefficients o correlation for all three size packages were alsc found

to be significantly high. The test for significance was based on the 95%
vrobability level.

Table 1I Comparison of Linear Fits and Correlation
of Air Volumes in Packages

a. Actual (X) versus Calculated (Y)

Package Coefficient Standard
Size Linearity of Correlation Error

284 grams Highly
Significant ,994 0.702

568 grams Highly
Significant .998 0.793

850 grams Highly
Significant .996 0.852

b. Calculated (X) versus Actual (Y)

Package Coefficient Standard
Size Linearity of Correlation grror

264 grams Highly
Significant .99k 0.762

568 grams Highly
Significant .998 0.872

850 prauws Highly
Significant .996 1.008

To convert readings obtained by either test method, an allowance must
be made for error variadility. In Figure L, confidence levels (broken
line) are shown as the limitd of viriability. The upper limits are based
on the 95% confidence lavel and they were computed with the standard errors
listed in Table II. One-sided limits \vere computed since specifications




will ncormally require a maximum allowable air content in food packages
4 The graphical relationships of Figure 4 provide a means by which to
estimate either Actual or Calculated air content values. More precise
&nd impartial estimates are derived from equations. For this purpose,
listed below are the equations for the regression aad the upper 95%

1 limit lines fcr each size package.

Equations for Estimating Calculated (Yc} Air Content from Actual (Xa) Resdings

Gibenci i bt i

Package Size Linear Regression Line Upper Limit L'ne
é 284 grams Y. = 0.416 + 915X, T, = 1.205 + 915}(a
S€8 grams o 0.418 + 907X, Y, = 1.728 + .90TX,
j 85C grams Y = 0.621 + .8L3x, Y = 2,034 + 83X
C a

Equations for Estimatiug Actual (Ya) Air Content from Calculated (Xc) Reading:’

Parkage Size Linear Regression Line Upper Limit Line
284 grams Ya = 0,033 + 1-079Xc Ya = 1.297 + 1.079X
568 grams Ya = 0.393 + 1“100)(c Yu = 1.053 + l.lOOXC
850 grams EEE 0.0k + 1.178)(c Y, = 1.027 - 1.178Xc

The repeatabllity of readings for the different, aize packages ls
~ompa: -4 in Table III at vcliumetric levels 5, 10, and 20 ml.




a. Conversion from Actual to Upper Calculated

i o 8

Tabie III Converslon of Volumetric Readings

Upper Calculated

b. Conversion from Upper Actual to Calculated

Upper Actusal

Package Size Reading (ml)
284 grams 5
10
20
568 grams 5
10
20
850 grams 5
10
20

10

Package Cize Actua) Reading (ml) Reading (ml)
284 grams 5 5.8
10 10.5
20 19.5
5€6 grams 5 6.3
10 10.8
; 20 19.9
» 850 grams 5 6.2
16 10.5
i 20 18.¢

Calculated Reading (ml)

The values listed in Tabies IIIa and IIIb, above, were obtained from the
equations discugsed nreviously. For the three size packages, the range:

of differences in values converted at the 5-ml level are 0.5 ml (6.3 - 5.6
for the Upper Calcuiated reading, Table IIia; and 0.2 ml (3.6 - 3.4) for
the Calculated reading, Table IIIb. The corresponding ranges for the

10-ml level are 0.3 and 0.5; and for tne 20-ml level, the ranges are 1.0
and 1.2. W:th the exception of one rangs, all others were within 1 ml.




As <een in Appendix B, the Actual air volumes are correspondingly
higher ~han the Calculated values in most instances. The effect of any
dissnlved air in the package ~ontents was discounted as a factor con-
rriburing to this difference. 1ts release under vacuum would tend to
increass package buoyancy and thus Pp would increase to maintain neu'-al
bucyancy. As seen 1n equation (1) an increase in P, wiil also make V
‘arge.. it was de:ided that this differeace may be aitributed in par.

> changes in daily atmcsoheric pressure and the water pressure on the
package while it is submerged during the test. In addition to atmospher.r
preszure, -t can be seen in Figure 2 that a water head Y also acts com-
pressively on the package volume V. Assuming that the package remains
suspended Just below the water surface, the average pressure (wp) can be
derived as follows:

p = Duydy
(6]

Wnece: P = “otal force on submerged area (uy)
D = density of water
u = unit width
y - depth of package measured in units cf u

2

then 2 = Duy /2

t

“b2 average pressure (w,) on the package is estimated by dividing the
sres (vy) 'nto the above equation for P.

M py/o {3)

p mamiler preesuce (w_ ) will als> influence the neutral bucyancy of th2
ra «nge vhen a vacuum is &pplied and the package remains floating just

hei~q the water sur{aze. In Appendix A, busyant fcrce (B) eguals -he

11
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volume of package materiale and contents (V'), Equations ii and {ii,
Appendix A, can be shown as:

o
1]

W-B=W-V!

or

D (w-vm)-v

where Vm equals the volume of materials in the package not affected by
pressure changes. Since the respective D values are obtained while the
package is suspended in water, bot: atmospheric and water (w_) pressures
vill act on V (air in package) and directiy affect buoyancy.  The weight
T packege (D) will depend on the depth location of the package from the
vater surface. Zquatzon (L) below is derived from equation (1, by
~nereasing Pl and P2 by the amount of vp.

<
pus
"
&
*
t 4
o]
o

= (92 + W ) D (h)

It is noted that V1 18 the calculated volume of air in the package at

e tmosphere plus the water head (wb) vressure and it will require correction
t.) atmospheric pressure (Pj) to permit ccmparison with the < ituel volume
which was derived from equation (2). Taking the V, value and substituting
it into Boyle's Law:

(VL corrected) (Pl) = fvl)(Pl + wp)

will tend t7 increase the Calculated volume (corrected) thus further
narrowing the d:fference between the Calculated and Actual values The
magnitude of w, depends on the package -~ nfiguratior (depth dimenvicu)

12
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Several specially prepared p.ckages containing a plastic block were

tested for residual air content

Results are shown in Table IV,

Table IV Effect of Water Head on Residual Air Content (ml)

Sample Actual Volume (A) Calculated Volume Diffecences

I TI I-A II-A
1 16.20 15.80 15.40 -0.40 -0.80
2 11.66 11,5k 11.20 ~0.12 -0.L6
3 15.55 15.60 15.30 +0.05 ~0.25
L 26.70 26.60 26.20 ~0.10 ~0.59
S5 29.40 29,41 29.01 +0.01 -0, 32
6 8.35 8.21 7.90 ~0.1b ~0.45
T T.13 T.25 7.00 +0.12 ~0.13
8 5.91 6.05 5.80 40,14 ~0.11

Values under column I are based on calculations allowing for the water

head w, using equation (4)
equation (1).

and values in column II were computed with
There was much closer agreement between the Actual and

Calculated values when the water head w_ was considered in the computation
The differences are quite small (column I-A above) and they are also equally
divided abcve and below zero as evidenced by the same number of plus and
minus signs. Tac statistical paired £ and sign tests indicate there is no
significant difference between these results at the 95% level  However, if
the w_ effect is ignored the Actual values can be expected to be higher.

ig 1s quite evident in Column II-A of Table IV where the difference
between the Actual and Calculated values are consistiently negative indiceting
that Actual values are higher,

It was not possible to achieve reutral buoyancy for some larze size
packages (850 grams) which ccntained a very low amount of air (in the crder
of 1 ml or less). Thir condition shouid not detract frou the value of the
test method for the fcllcwing reasons:

a If the air content is so low &8 to be 1inadequate to cause or
sustain rneutral bucyancy, the air volume in relation to the package zize
vouid in such instances meet specification requirements,

b. It {s uniikely that a precise measurement of a very low volume of

air can be made fcr a package containing actual foodstuffs using the
conventional destructive method.

13




SUMMARY

Tne air <onteat decerminations derived with the nondestructive
tes% Jata were repeatable and correlated well with actual residual air
b s, I% was alss determined tha* an improvement in accuracy can be .
d by adjusting 2alcvlations for the effect of water pressure (w,)
h: subm2r-gzed package. See equation (4). The need for and magnitude
of this aljusumst would be minimal for the smaller packages, by collecting
data wizh the package positioned rlose to the surface of water; and to
Some exuent, the w, effect is neutralized by the buoyancy of the residusl
alr bubblas olinging to the package surface (the small amount of air mot
~ompletely removed by the wetting agent). If a test procedure is followed
whereby tagt data are obtained with the package Jjust below the water
sarfas2, 1 32% of W values can be derived with equation (L) for the larger
sized narcages, P

study cubstantiate the feasibility of developing

The —res11w3 »f this
specification »riveria “or this nondestructive teat. procedure. An example
of applying suzh critecia *o a specizisazion is shwn in Appendix C.

This nondez3ivructive test procedure may provide slignificant savings
in test " nspec:iion operazions by:

. Slimnasing the need to reprocess or replace food products which
would norrmally be contaminated or destroyed in the conventicnal test.

b. Preoeating the destruction of packaging material ,

n. Reducing over-all tes® time.

Personnel »ertorming the nondestructive test will not require specialized
[ a2 test is struigh-forward azd dszes not

I NG
a

laboratory uk.lis The procedure i il
requite scphisticated *est equipnent.

EEET AVAILABLE COPY
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APPENDIY A

*
Derivation of kquation

—

Symbols Used

B = Buoyant force - volume of fluid displaced times the specific
graviiy of the fluid (weight of fluid displaced) (Archimedes
Principle)

Bl = Buoyant force ia grams exerted on package contents and weights
at Pl’ (weight of water displaced)

i

B, = Buoyant force in grams exerted on package cont2nts and weights

(weight of water displaced) at P,.

D = Weight of package, contents, and weights in water at P

D' = Weight of package, contents, and weights in water at Py

o

T, = Test temperature in K

0 o
T = Srandard temperuture (273°K) (0°C)

P = 5tundard Pressure (760 mm Hg)

Pl = Barometric pressure at time of test in mm Hg.

P2 = Pressure in mm Hg at which test paciage (and weights) has
neutral buoyancy with water

Vy = Volume of gas in package at Py
Vo = Volurme of gas in package at Pp
Vl' = Total voiume of package, contents, and weights at Pl

V5! = Total volume of package, contents, and weights at P,

4

nr s !

I-tal weight in grams cf package, contents, and weights suspena:d

in w«lr

* Abstracted from Test Method RTM 829, Reynolds lMetals Company, Fackap: n:
Research Division, dated January 19, 1966.

15




Serivasina of Equation

Suostituuing symbols for Archimedes Principle: welght in water (D) =

welghe In air (W) - buoyant force (B) (weight of volume of fluid
disrlaz2d) we osttain:

Yyuation 1 D=W-2B

Sinze te3ting is done in water (specific gravity = 1.0) weight in
water (D) = weight in air (W) - buoyant force () (weight of water
displaced)

Lguation i} D=W ~ Bl at Pl
and similiarl

Squation lii D' = W - B, at p2
3t by definition et Py, W equals the weight of water displaced

Bgquasion iv W =B

Therclfore effective weizht of packayge and contents in water at P2
i8 zero,

Tguation v D' =0
Again according 1o Archimedex Principle, the volume of the package,
contents, and welghts 8% Py equals the volume of the fluid (water)
dispiaced and, since watex = 1.0 specific graviiy, equals the weight
of the wuter displaced {B)

Zyuavien vi V.' = B

and sim.iariy at P?

. : L .y -
Lquation il .2' = 32
then,
Lquation vitt Vot - Vot B - B
2 1 2 ]
16
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Since with changes in pressure on the package, the voiume of gas
will change according to Boyle's Law, but the volume of the solids
and liquids will remain constant

'
Equation ix V2 - V2 = Vl' - vl

or by transvosing

B ti 5 V'V 't=YV -V
quation x 5 1 o 3

Substituting llquation x into Equation viii we get:
Equnation xi Ve - Vl = B2 - Bl

Substituting By = W-D' and By = W - D, from Equations ii and 1ii
ve get:

Equation xii V2 -V = (W=-D") ~=(Ww-D)=D-0D
Since ' = O from Equation v, then,

Equation xiii Vo =V, =D

=) &

When T is constant we know from Boyles Law that,

J : D =

Fquavion xiv ‘lVl P2V2
or by transposing

Equetion xv Vl = ngz

P
1

Subtracting both sides of the Equatiou from V2 we obtain:
Equation xvi Vo=V =V .
T
Substituting Equation xi{ii into Equation xvi
Equation xvii D= V2 - P2V2

P
il

13
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Solving for V, we obtain Lquation xviii

Dl st

Aok ol

Equation xviii V2 = D

I,

By substituting Equation xviii into Equation xv, we ottain

2.
P, (P} - Pp)
P

Fquation xix Vi

Which simplifies to

Equation xx vV, = P?D
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2. Residual atmosphere volume values f’o:"_b'r’)B—graml)ackages

cai/ Actg/ Cal
0.3 0.0 3.3
0,3 0.0 4.0
0,3 0.0 3.9
0.4 0.0 4,3
0.3 <o, W5
0.3 <0.1 4.8
0.3 <0.1 4.6
0.3 <0.1 5.1
2.3 <0.1 4.8
0.3 <0.1 5.5
0.3 <0,1 5.2
0. h <0.1 7.8
0.3 0.1 5.4
0.3 0.1 6.7
C.3 0.1 T.2
0.3 0.1 6.5
o) 0.1 6.4
0.3 0.2 7.5
0.6 0.2 7.5
2.3 0.4 8.4
0.4 U,k 7.1
0.15 0.4 8.1
0.% 0.5 8.2
L2 L.0 8.8
0.6 1.1 3.6
B 1.3 9.1
1.6 S 9.8
L.© 1.7 9.4
2.2 2.0 9.9
26 2.8 10.0
38 3.2 10.6
LR 3.2 10.7

1/Cal ~ Calculated Value
2/Act - Actual Value

3/For vaiues indicated as « .10 a value of
calculation purposes, in determining the difference between calculated

Act

bt
COVVVOVVVODODONIII--ITOANVIVIWV F =8 F Fw W

DWOVOOHHFO-dWVNFImWONRNWNHIITAFTWOO0I FORP OO =

fon)

and actual value of air volume.

Cal

=
[

DO FFOVFOOVMOMOO FANAWV & ANOWVWVIOWFWRE &0 ow

el ol = s = @ gt ome B B 5 2B 4 4 - y W e 3
OFO0OONVME A AHWVWWMEFWRHRWOY-IVMWUVOOETOVOENAETESETOWOVUNND

Cal

2G.
19.
19.
19.
19.
20.
20.
23.
2%,
25.
2k,
26.
26.
25.
28.
26.
27.
30.
29.
28.
29.
2,
3k,

2
3 e

35.
36.
Lo.
31.
39.
Lo,
L6,

W NPV AV OO VDO RNWDWVMIITOOWVM WV OWMN 3 -1 W

Act

21.
21,
22,
22.
22.
23.
23.
2k,
26.
27.
27.
27.
27.
2T.
28,
29.
31.
32.
33.
31.
35.

36
Lo.

Lo,
Lo.
b1,
3.
L6.

5C «

DWW FWNOONIHROR ZF-vOOTW DV DODVWOVIW - &=

'

05 was arbitrarily used for




3. Residual atmosphere volrme vaiues for 850-gram packages

cal  act?/ Cal Act Cal Act Cal  Act
i S 3/
; .0k <. 10 3.1 2.7 7.7 7.9 17.1 19.2
3 203 10 3.0 3.2 7.9 8.0 18.7 0.2
. 2 Jho .10 3.1 3.2 ol 8.5 16.5 0.3
: .Gl .10 L.o 3.2 8.1 8.8 17.8 20.5
ol .10 3.5 3.4 9.1 9.1 18.4 p2.2
1 .04 .10 3.9 3.4 8.3 9.7 9.4 230
i .60 .10 3.1 3.k 9.3 10.0 21.1 23.1
.60 .10 3.9 3.5 9.8 10.4 20.8 23.7
.60 .10 L.6 3.5 10.2 10.7 19.9 23.%
.60 .10 4,6 3.9 9.2 10.5 21.2 23.3
04 .15 4.5 k.o 9.7 11.0 1.0 2L.4
.ol .20 b.1 .1 10.5 11.7 21.9 25.4
60 .20 N 4,2 11.1 11.9 21.8 25.5
.0k 30 L, 2 k.3 1.8 2l b 22.1 25.5
.60 .30 L.8 4.3 11.0 12.1 231 T 25 17
.80 .40 5.0 4.5 11. 4 12.5 24,0 27.2
.Ob 40 5.0 4.8 11.3 12.6 2b.3 7.7
60 .60 L.2 4.5 11.3 12.7 2b.o  27.7
.50 .70 5.2 L.B 11.4 13.0 22.7T 28.3
1.70 .80 6.2 5.2 11.5 13.0 23.3 28.7
1.70 .90 4.8 5.5 pl, (3) 13.0 25.0 31.2
1.30 1.20 6.4 5.9 i2.5 13.6 25.5  31.2
1.70 1.20 5.6 6.4 11. 4 1k.2 31.3 7.3
1.70 1.40 5.5 6.6 12.0 15. 4 31.1  37.4
1.70 1.k0 6.4 6.8 13.7 15.8 5.3 1.4
2.60 1.40 6.3 6.6 k.7 16.5 39.0 48.1
2.40 7l 10 6.2 5.7 14.9 16.9 4.7 3G.7T
2.10 1.70 6.7 6.7 15.6 17.1 27.9 3¢ 6
1.80 1. 80 6.7 oy L 16.7 17.6 30.5 355§
2 80 2.70 7.1 7.2 15.3 17.9 32.2 379
2.90 2.70 6.2 7.3 16.5 17.9 31.5 =87
3.00 2.90 7.6 7.4 15.2 17.8 L9.0 50.8
3.10 3.20 7.6 7.5 16. 4 18.5
19 - Calculated Value

éyAct - Actual Value

3/For value indicated as <€ .10 a value of .05 was arbitrarily used for
~alculaticn purposes, in determining the difference between calcuiated
and actual value of air volume.
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APPENDIX C

Specification Criteria ror Nondestructive Test Method

1. The effect of air on the usability of food will limit the allowatle
anount of air for a specific package. Tue cages discussed in this
Appendix illastrate with the 850-gram package the methodelogy by which
specification criteria can be developed for the ncndestructive test
method after the technical considerations are completed and basic
requirexzents are determined.

2. Specification criteria for the 850-gram food package:

a. Cese No. 1 - The air amount in each 850-gram package is to be
controlled; however, some allowance is permitted for packages containing
air in excess of the prescribed level.

(1) Gpecitication requirement - Assume the actual air requirement is
set a3 10.0 ml maximum. The equivalent ncudestructive or calculated value
is readily computed with the foliowing equation as shown in Figure b

Y, = 0.621 + o.8h3xa

Substituting 10.0 for Xg,

The requirement in the specification would specify that the meximum air
amount permitted in the packege shall be 9.0 ml wnen the test is conduc*cd
ir accordance with the nondestructive method.

{2) Spec:fication quality assurance provisions - In deteramiring thr
acceptacility criteria for inspection, an allowance must be made for
variability in the test method. The equeation for the upper limit in
Figure % takes into account the random variations associated with the
we3% procedure.

Y = 2.03u + C.8L3Xx
c a
Suuvstituting 10.0 for X&,

Y(:

Y =105 m Preceding page blank
23

2.054 + ©.843 (10.0)

1]




If the actual eir content oi' a package were 10.0 ml, the above calculetion
iudicates tnat there is only a 5-percent chance for the nondestructive
reading to exceed 10.5 ml. The 10.5 value thus allows for expected
variability. Should this value be exceeded, it can be assumed with a
minimal risk tnat the package does in fect contain more than 10.0m) of air.
The package would be wiaccertable. The number of packages in the sample
allowed to exceed the ;ejecticn criterion of 10.5 ml will depend on the
Acceptsable Quality Level or percent defectiveness specified for the test.
The allowance for test variability and the rate of unacceptable packages
permitted in a lot provide a low risk factor to the producer, i.e. the
risk of relecting his product if the air content in packages is actually
JO.0 ml or less. In order to minimize the rick to the consumer, an
additional provision should he considered whereby the average air content
reading based on all sample packages tested must be equal to or less than
the 9.0 ml value derived above

b. Case No. 2
.1} A requirement is to be establithed for the nondestructive test
m2thod so that there is a minimal risk of ancepting any package containing
10.0 ml or more air.
{2) The requirement for the nondestructive test method can be obtained
from the upper limit shown in Figure L4 for the 850-gram package.
Y = 1,027 + 1.178X
a c
Substituting 10.0 for Ya

10.0 = 1,027 = 1 L'{8Xc

X = 7,6 m}

If a read.ng of 7.6 ml or leas is obtained with the rondestructive method,
~here is a S5-percent or less chance that the actual air content in the
package 3 10.0 ml or more. The acceptance criterion would be established
as 7.6 ma If a reading above this value is obtained, the package would
be rejectued
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